Background: This empirical study investigated the extent of malnutrition and factors associated with malnutrition amid children aged 0-59 months in Bangladesh using Bangladesh Demographic Health Survey data, 2014. Methods: To examine the extent of malnutrition among the children under five in Bangladesh, we used Height-forage, weight-for-height and weight-for-age. The association between the selected factors and nutritional status were assessed and logistic regression models were fitted for the three indicators. Results: 36.2% children are stunted, 15% are wasted and 33% are underweight. Prevalence of stunting or underweight is lowest amongst children aged 0-6 months and highest at the age of 18 to 23 months (stunted 48% and underweight 37%). Wasting is highest in 0-6months. Odd of being stunted is 30% to 50% higher in Sylhet division as compared to other divisions. Other key covariates for stunting are urban area (OR = 1.226, p-value = 0.004), no or primary education of father (OR = 1.318, p-value < 0.001), no or primary education of mother (OR = 1.22, p-value = 0.002), underweight mothers (OR = 1.76, p-value <0.001) and wealth index poorest (OR = 2.892, p-value < 0.001). Important covariates for wasting are mother's occupation as physical labor (OR = 1.208, p-value = 0.018), underweight mothers (OR = 2.145, p-value <0.001) and wealth index poorest (OR = 2.892, p-value < 0.001). For underweight main covariates are: no or primary education of father (OR = 1.182, p-value = 0.011), no or primary education of mother (OR = 1.214, p-value = 0.002), mothers in physical labor (OR = 1.289, p-value < 0.001), underweight mothers (OR = 2.625, p-value < 0.001) and wealth index poorest (OR = 2. 315, p-value < 0.001). Conclusions: In addition to the ongoing programs to improve child health, government may wish to design targeted nutrition intervention strategies to make sure that health information and health education are easily accessible for parents. The most vulnerable groups including the children from poorest socio-economic group or children in the urban area require special attention. Mothers should also be given focus while designing intervention programs.
Background
Theoretically malnutrition is a term that refers to both under-nutrition and over-nutrition. People are malnourished if the calories and protein they take through their diet are not sufficient for their growth and maintenance or due to ill health, they are not able to make complete use of the food they eat (under nutrition) or if they consume too many calories (over-nutrition) [1] . In this paper, we considered under-nutrition and malnutrition equivalently.
The physical and/or mental development of children can be hampered by poor nutrition during childhood which consequently may lead to a greater risk of casualty from communicable diseases or additional critical infections which ultimately end in a bigger economic burden of a society [2, 3] . Evidently, malnutrition among children and mothers adversely affect the growth of development in both national and international economic arena as well as health and sustainable developments [4] . Malnutrition is the salient source of 3.5 million deaths globally, and responsible for 35% of the morbidities among children under five [5] which undoubtedly, defines malnutrition as a prime cause for critical health and development disorders faced by people, mostly children in developing countries [6] . Characteristics of children suffering from malnutrition include stunting or chronic malnutrition (low height for age), wasting or acute malnutrition (Low weight-for-height) or being underweight for their age [7] .
In the nineties, 50.6 million under-five children were estimated to be malnourished in developing countries and more than 20% of the extremely malnourished with a critical illness that led to hospitalization were estimated to endure a case-fatality [8] . The prevalence of worldwide stunting and underweight reduced from 34 to 27% and 27 to 22% respectively during 1990-2000 [9] . Eastern and South-eastern Asia as well as the Latin America and the Caribbean made extensive improvements in this regard by achieving large declines, while Africa or South-central Asia constantly suffered towering levels of malnutrition. During this period, the numbers of stunted children in Africa stepped up from 40 million to 45 million, and number of and underweight children mounted from 25 million to 31 million [10, 11] .
Sixteen percent of the under-five children were estimated to be underweight worldwide in 2011 [8, 11] . As compared to the other parts of the world the prevalence of underweight children in South Asia was visibly towering. Conversely, a very small part of the global occurrence of underweight are accounted for Latin America and the Caribbean and Central and Eastern Europe/ Commonwealth of Independent States (3 and 2% respectively) [11] . In the same year, 70% wasted children of the world were found in Asia with a dreadful level of prevalence of wasting (16%) in South Asia [11] .
The steep decline in the prevalence rate of malnutrition starting from the early 1980s including the fall in the proportions of stunted, wasted and underweight during the time periods : 1984-1985 1994-1995, and 2004-2005 evidently indicates that Bangladesh made significant achievements in fighting against child malnutrition in last few decades, [8, 12] .
However, researchers and policymakers cannot disregard the fact that the high prevalence of malnutrition is, even now, one of the principal sources of morbidity and mortality among children [13, 14] . The prevalence of stunted children in Bangladesh was 41% in 2011, 43.2% in 2007 and 51% in 2004 [15] [16] [17] . Nonetheless, it is still inadequate to attain the target of the malnutrition prevalence of 34% of the Millennium Development Goal (MDG), 2015 [18] .
In 2012, Save the Children reported that48.6% of under five children in Bangladesh were stunted; 13.3% were wasted and 37.4% were underweight; the number of stunted children in the poorest quintile of the population were two times the same in the richest quintile [14] . Regardless of a noticeable economic growth from the early 1990s, (of 5 to 6% a year) the health and wellbeing of Bangladeshi children are challenged by their meager nutritional status which in turn delays the growth towards accomplishment of the millennium development goals not only on maternal and child mortality but also on poverty [19] .
Malnutrition is a complicated issue which depends on multiple factors and presumably vary over time and thus needs to be studied on a constant basis. The goal of the study is to delineate malnutrition in terms of different indicators of malnutrition, to assess the prevalence of malnutrition, to examine the association of child malnutrition with chosen demographic and socio-economic factors as well as environmental and health-related factors and to determine the contribution of the selected factors to a child being stunted, wasted and underweight in Bangladesh based on the latest demographic and health survey data of Bangladesh.
Methods

Data and variables
In this study relevant data were extracted from the Bangladesh Demographic and Health Survey (BDHS), 2014 which was designed to be the source of typical results for the urban and the rural areas of the country as well as for each of the seven administrative divisions and for the country as a whole. One of the specific objectives of the 2014 BDHS was to examine the nutritional status of under five children using anthropometric measurements (weight and height). The National Institute of Population Research and Training (NIPORT) of the Ministry of Health and Family Welfare of Bangladesh conducted the survey that employed a nationally representative two-stage stratified sample of households. Out of a total of 17,989 chosen households, interviews were effectively done in 98% of all the occupied households [4] .
Response variables
The widely used measures for malnutrition, defined by three anthropometric indicators stunted (height-for-age), wasted (weight-for-height) and underweight (weight-forage) [20] are considered as the response variables. Children are categorized into two groups, 'suffering from malnutrition' and 'not suffering from malnutrition' , for each of the three indicators following the guidelines in the national report of Bangladesh [4] and the World Health Organization [11, 21] .
Covariates/predictor variables
A set of interrelated demographic, socioeconomic and environmental factors associated with child nutrition is considered which are: Age of child, sex of child (male, female), place of residence (urban, rural), division (Barisal, Chittagong, Dhaka, Khulna, Rajshahi, Rangpur, Sylhet), religion (Muslim and non-Muslim), parent's education (no education or primary, secondary or higher), father's occupation (physical labor related, service/desk job/business, others), mother's occupation (physical labor related, service/desk job/ business, others), wealth index (poorest, poorer, middle, richer, richest), sources of drinking water (safe or unsafe), type of toilet facilities (hygienic and non-hygienic), total number of living children and Birth order number.
Methodology
Three widely used measures for malnutrition, height-forage, weight-for-height, and weight-for-age, were used to examine the extent of malnutrition among under-five children in the country using the most recent Bangladesh Demographic and Health Survey (BDHS), 2014 data. A two-stage stratified sample of households is used for the survey. Sampling weights are applied in the analysis of the BDHS data to confirm a genuine representation of the findings of the survey at the national and domain levels. The estimation procedure used the weighting factors because the sample was not selfweighted [22] . Sample weights are used in all analyses for proper standard error and p-value estimation to make sample data representative of the entire population.
The anthropometric method for measuring the nutritional status includes three widely used indicators to assess the growth of children: height-for-age, weight-forheight, and weight-for-age. A child is considered stunted if (s) he is, in terms of height-for-age, more than two standard deviations below the median (−2 SD) of the WHO reference population. A child is wasted when (s)he is more than two standard deviations below (−2 SD) the reference median for weight-for-height. A child is classified as underweight if his or her weight-for-age is lower than two standard deviations (−2 SD) from the median of the reference population.
This paper classifies the nutritional status of under five children on the basis of Z-scores, mathematically defined as:
Z score ¼ ðindividual value ðheight or weightÞ −median value of reference populationÞ =ðstandard deviation value of reference populationÞ A Z-score below − 2 in any of these three indices indicates malnutrition. WHO AnthroPlus Software (version 3.2.2, 2011) has been used to calculate the Z-scores [23] .
Bivariate analysis was performed using cross tables and Chi-square tests to investigate the association between the selected factors and nutritional status. The factors for which p-values were less than 0.25 in the bivariate analysis were chosen as the covariates in the logistic regression model [24] . To estimate the effect of the factors on nutritional status, three different logistic regression models (considering the dependent variable to be (i) stunting, (ii) wasting and (iii) underweight) were considered.
Results
According to BDHS 2014, 36.2% children are stunted, 15% are wasted and 33% are underweight in Bangladesh. The prevalence of stunting, wasting and underweight at different levels or categories of the selected factors are examined and results are presented in Table 1 . The estimated parameters of the multiple logistic regression models fitted to identify the contribution of the background factors on malnutrition status of the children are shown in Tables 2, 3 and and 4.
The factors significantly associated (p-value < 0.001) with stunting are age of child, Place of residence, division, father's education, mother's education, father's occupation, mother's occupation, mother's BMI, wealth index, toilet facility, number of living children and birth order. Age of child, sex of child, Place of residence, division, mother's BMI and wealth index are significantly associated (p-value < 0.05) with wasting. Factors having significant association with underweight are same as the factors associated with stunting.
To determine the contribution of the associated factors on each of the different measures of nutritional status of under-five children in Bangladesh, we fitted logistic regression models. Table 2 shows the estimates 
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'r' represents reference category of parameters of the logistic regression model to determine the contribution of factors to stunting of under five years' children along with corresponding p-values and odds ratios. Odd of being stunted is almost 50% lower in Khulna (OR = 0.479, p-value < 0.001) and almost 15% lower in Chittagong (OR = 0.833, p-value = 0.068) as compared to Sylhet division. Other key covariates for stunting are urban area (OR = 1.226, p-value = 0.004), no or primary education of father (OR = 1.318, p-value < 0.001), no or primary education of mother (OR = 1.22, p-value = 0.002), underweight mothers (OR = 1.76, p-value <0.001) and wealth index poorest (OR = 2.892, p-value < 0.001). Table 3 shows the estimates of parameters of the logistic regression model to determine factors of wasted of under five children along with corresponding p-values and odds ratios.
Important covariates for wasting are age of children less than six months (OR = 1.84, p-value <0.001), 9-11 months (OR = 1.56, p-value <0.005) and 12-17 months (OR = 1.32, p-value <0.05), division Barisal ((OR = 1.714, p-value <0.005), division Chittagong (OR = 1.517, p-value <0.005), division Rajshahi (OR = 1.557, p-value <0.005), division Rangpur (OR = 1.514, p-value <0.01) mother's occupation as physical labor (OR = 1.208, pvalue = 0.018) and underweight mothers (OR = 2.145, pvalue <0.001). Table 4 shows the estimates of parameters of the logistic regression model to determine factors affecting malnutrition (underweight) under five years' children along with corresponding p-values and odds ratios.
Main covariates for underweight are age of children less than six months (OR = 0.362, p-value <0.001), 6-8 months (OR = 0.344, p-value <0.001), 9-11 months (OR = 0.530, p-value <0.001) and 12-17 months (OR = 0.629, p-value <0.001), division Dhaka (OR = 0.751, p-value = 0.003) division Khulna ((OR = 0.672, p-value <0.005), division Rajshahi (OR = 0.761, p-value <0.05), no or primary education of father (OR = 1.182, p-value = 0.011), no or primary education of mother (OR = 1.214, p-value = 0.002), mothers in physical labor (OR = 1.289, p-value < 0.001), underweight mothers (OR = 2.625, p-value < 0.001) and wealth index, poorest (OR = 2.315, p-value < 0.001).
Discussion
In spite of the outstanding achievements of Bangladesh in consistently reducing the malnutrition rates among children through the last few decades through various intervention programs taken by the Government and the development partners, the findings of this study (with 36% stunted, 15% wasted and around 33% underweight children under age five in the year 2014) state the scope of further improvement of the child nutritional status is Bangladesh.
In this study, age of children, place of residence, division, religion, education of parents, occupation of parents, BMI of mothers, wealth index and toilet facilities used by the household have significant association with child nutritional status.
Malnutrition for stunting and underweight are relatively lower in younger children (less than 18 months). The fraction of stunted or underweight children increases abruptly with the child's age after 18 months and then falls again after 47 months (see Table 1 ). For both the measures, malnutrition hits the highest point at age 18 to 35 months. In general, wasting decreases as child grows older. Unfortunately, even during the first six months of life, when the majority of the children are breastfed, 14-22% children remain malnourished as indicated by the three indices. Furthermore, after the first six months, while children are generally given additional foods along with breast milk, the percentage of stunted or underweight children increase gradually with highest amount of children stunted (48%) and underweight (37%) at the age of 18 to 23 months, indicating need of attention of the policy makers to the matter. This finding was in agreement with other studies [25] [26] [27] [28] . The odds ratios of .245, .302, .465 .757, 1.58, 1.14 and 1.41 respectively for the age groups (<6 months, 6 to 8 months, 9 to 11 months, 12 to 17 months, 18 to 23 months, 24 to 35 months, 36 to 47 months) in the logistic regression model also supports the fact (reference group children aged 48 to 59 months).
Being male gender was identified as a risk factor of malnutrition in several studies [27] [28] [29] [30] [31] and our study also found that prevalence of malnutrition in male children is slightly higher as compared to the same in females. However, stunting and underweight were not significantly associated with sex.
In developing countries, the rural-urban disparities in child nutrition outcomes remained persistent since long [32] [33] [34] presumably due to the difference in economic levels and poor accessibility to health facilities, education and other factors. Although many of the previous studies identified that rural children are more vulnerable to be malnourished [32] [33] [34] , this study found that children living in urban area are more vulnerable to be stunted in Bangladesh. The urban population in last few decades has changed a lot due to migration of rural people to urban area for work and other opportunities. Many of these migrated people are poor and cannot afford to nutritional food and health care facilities which might be the underlying reason behind this increased proportion of malnourished children in urban areas and requires attention of the health policy makers into this matter.
The logistic regression analysis identified significant association between division and malnutrition. Sylhet division is running far behind the other divisions in controlling malnutrition among children in Bangladesh.
The study also indicated that both the parents' education are significantly associated with nutritional status of their children. Children from illiterate father (as well as mother) or father (or mother) with primary education were twenty to thirty percent more likely to remain stunted or underweight in comparison with their counterparts. This finding was coherent with previous studies held in Bangladesh and other countries [35] [36] [37] [38] [39] [40] . This is understandable because educated mothers have greater knowledge regardingthe health and nutrition of their children, improved child care, usage of health services, hygiene and sanitation, etc. On the other hand, father's education is also important for the health and nutritional status of his child because of his contribution in household income and his role in decision making forselecting food for the family.
In addition, this study indicated that proportion of malnourished children is higher among children whose mothers are occupied in physical labor related works or others (mainly housewives) compared to the children of mothers in service or business. This may be rationalized as in Bangladesh; people who are occupied in service or business are usually wealthier and are often more educated as well which consequently allows them to know about nutritional foods as well as importance of such food for children.
A mother with good nutritional status is likely to have healthier babies [41] , and in our study also, Mother's BMI is found to have negative association with child malnutrition; this reminds us to not to forget the importance of mother's nutritional status while making policies for lowering or reducing child malnutrition. Because good nutritional status is essential for a mother not only for breastfeeding but also for recovery from physical and possibly emotional stress during pregnancy and after labor in order to cope with raising and caring children.
Wealth index is, as expected [36, [38] [39] [40] [41] [42] ; negatively associated with malnutrition and odd of being malnourished is substantially high among the poorer groups. This undoubtedly points at the unmet need of policies for poorer groups of people in Bangladesh.
Last but not the least, presence of hygienic toilet facilities was found as an important factor that was found associated with child nutritional status. Children from households with hygienic latrine facilities were less likely to be stunted as compared to their counterparts. This finding was also consistent with other studies [9, 13, 35] . This is very rational in the sense that unhygienic toilets are often causes of diarrheal and other diseases, which, as a consequence, may turn children malnourished.
Limitations
The study has certain limitations. First of all, since this study was based on a cross-sectional data. and as a result, exploring the association between selected factors and prevalence of malnutrition cannot establish causal association between the two. Secondly, due to unavailability of the data on potential confounders including diet, physical exercise, and smoking behavior of the parents, these were not included in analysis. Third, the definition of urban and rural areas in Bangladesh has been changed over time with the most rapid growth in urbanization. As a result, some areas, earlier classified as rural in the previous BDHSs were considered urban in the more recent BDHSs, which may bring in some error in urban-rural calculations. Fourth, Mymensingh is a new division created from the Dhaka division and this information is not available in the 2014 BDHS.
Conclusion
The nutritional status of under five children is not only a susceptible indicator of the health and nutrition of a country but also can be considered as a measurement of the quality of life as well as a development indicator as it portrays the intensity of development as a whole governed by poverty, low socio-economic status and the prevalence of chronic diseases [29] . Studying malnutrition, on a continuous basis, is essential since it replicates the accumulative outcome of socio-economic, health and nutritional drawbacks and which may vary over time.
The results of this study confirm that there are quiet rooms to perk up the child nutritional status in Bangladesh. To reduce the burden of malnutrition among children, a joint effort by the government, nongovernmental organizations and the community is absolutely necessary in an equitable manner to improve the nutritional status of children. In addition to the ongoing programs to improve child health, Government may wish to design targeted nutrition intervention strategies with better understanding of target group to reduce childhood malnutrition. Additional to the program to confirm the easier access to health information and health education to parents, surveillance and assessment need to be regularly reviewed with special attention to be given to vulnerable groups such as poorest or children in the urban area. A healthy mother can give birth to healthy children, thus for upgrading the nutritional status of children, focus of early intervention programs should not only be on children but also on their mothers.
Last but not the least, in addition to the continuing programs and efforts taken by Bangladesh Government and other development partners, the authors would like to recommend that health and nutrition education should also be a fundamental part of the entire education process.
